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ABSTRACT 



An external read sense amplifier for reading out a data to an 
outside and an internal verify sense amplifier for reading out 
a data for an internal operation are provided, separately from 
each other, to a plurality of banks. Preferably, an internal 
verify sense amplifier is provided for each prescribed num- 
ber of memory blocks. There is provided a nonvolatile 
semiconductor memory device with a background operation 
function, having a reduced chip occupancy area. 
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NONVOLATILE MEMORY WITH storage in a memory cell is achieved by injection/extraction 

BACKGROUND OPERATION FUNCTION °f electric charges to/from the floating gate of a floating gate 

field effect transistor to change a threshold voltage thereof. 
It has been established that an access time for a data read 

BACKGROUND OF THE INVENTION 5 operation ranges from 50 nsec (nanoseconds) to 200 nsec 

1 Field of the Invention anc * on me omer hand, an erasure/programming operation 

^1 ... , . requires to change a threshold voltage of a memory cell 

The present invention relates to a nonvolatile semicon- lransistor (in a ^ of a me b ^ k) and there ^ re> it 

ductor memory device and particularly, to a nonvolatile ukes a relatively long time ranging from 2 ^ s 

semiconductor memory device capable of operating in the (microseconds) t0 5 s (sec onds). In the prior art, it is 

background operation mode in which a data is externally impossible to read out a data in the chip during an internal 

read out in an erasure/programming operation in the interior operation ia which the erasure/programming operation is 

thereof - performed..In axase-where-a-plurality-of banks-B#Mo-B#4- 

-2-Descriptionofthe Background Art are provided as shown in FIG. 17, however, while an internal 

FIG. 17 is a block diagram schematically showing a 35 operation for programming/erasing is performed on a bank, 

configuration of a conventional nonvolatile semiconductor can be accessed for data reading from another bank. An 

memory device. In FIG. 17, the conventional nonvolatile operation in which while an internal operation is actually 

semiconductor memory device includes a plurality of banks performed in one bank, a data can bej^d_^tjrom_another_ 

_B#l_to_B#-4.-Each-of-the-banks -B#l-to B#4-incfudes:~a bankris calledlTBCjO (background operation) function. In 

memory array MA having a plurality of nonvolatile memory 2Q order to realize this BGO function, an external operation 

cells arranged in rows and columns; a predecoder PD for address signal and an internal operation address signal are 

predecoding a supplied address signal; a row decoder RD for generated from the address buffer and further, the write 

decoding a row predecode signal supplied from the prede- circuit and sense amplifier blocks 5a to 5d are provided 

coder PD to select an addressed row of the memory array corresponding to the respective banks B#l to B#4. Accord- 

MA; a column decoder CD for decoding a column prede- 25 ing to an operating mode, the write circuit and sense 

code signal supplied from the predecoder PD to generate a amplifier blocks 5a to Sd are coupled to either the erasure/ 

column select signal selecting an addressed column of the programming verification circuit 6 or the data buffer 2. The 

memory array MA; and a Y gate YG for selecting a selective connection is performed under control of the 

corresponding column of the memory array MA according internal control circuit 7 according to a bank specifying 

to the column select signal supplied from the column 30 signal supplied from the bank pointer 3. 

decoder CD. The banks B#l to B#4 can be addressed FIG. 18 is a circuit diagram representing a construction of 

independently and individually. a sense amplifier included in each of the write circuit and 

The nonvolatile semiconductor memory device further sense amplifier blocks 5a to 5d shown FIG. 17. In FIG. 18, 

includes: an address buffer 1 taking in an address signal AD the sense amplifier includes: a current sense circuit 901, 

supplied externally therein according to a control signal CTL 35 activated when a sense amplifier enable signal ZSE is 

and generating an internal address signal to supply it to the activated, for amplifying a data transmitted through an 

banks B#l to B#4; a data buffer 2 for inputting and output- internal data transmission line 900 from the Y gate YG; an 

ting a data between the data buffer 2 and an external device; N channel MOS transistor 902, made conductive when the 

a write data buffer 4 receiving an internal write data from the sense amplifier enable signal ZSE is deactivated, for pre- 

data buffer 2 to store the data therein; write circuit and sense 40 charging a node 907 to the ground voltage level; two 

amplifier blocks 5a to 5d, provided corresponding to the cascaded CMOS inverters 903 and 904 amplifying a signal 

respective banks B#l to B#4, each transmitting a write data on the node 907; an internal output circuit 905, activated 

to a selected memory cell of a corresponding bank and when an external read output enable signal EXRDE is 

reading a data from a selected memory cell of a correspond- activated, for buffering (amplifying) a signal supplied from 

ing bank; a bank pointer 3 for activating a bank specified by 45 the CMOS inverter 904 to transmit the buffered signal to the 

a bank address signal supplied from the address buffer 1; an data buffer 2; and an internal output circuit 906, activated 

erasure/programming verification circuit 6 receiving a verify when a verify output enable signal VFRDE is activated, for 

data read out from the write circuit and sense amplifier buffering (amplifying) an output signal of the CMOS 

blocks 5a to 5d and a write data stored in the write data inverter 904 to supply the output signal to the erasure/ 

buffer 4 in a write operation, and for verifying whether or 50 programming verification circuit 6. 

not, in a selected bank, erasing has been correctly performed The current sense circuit 901 includes: a P channel MOS 

and whether or not, in a selected bank, data programming transistor PQ1, made conductive when the sense amplifier 

has been correctly performed; and internal control circuit 7 enable signal ZSE is activated, for supplying a current to the 

receiving a control signal CTL supplied externally, a com- node 907; a P channel MOS transistor PQ2 made conductive 

mand CMD specifying an operating mode supplied exter- ss when the sense amplifier enable signal ZSE is activated and 

nally and a bank address signal supplied from the bank transmitting a power supply voltage when made conductive; 

pointer 3, and controlling operations of the data buffer 2 and an N channel MOS transistor NQ3 connected between the 

the bank pointer 3 but as well as setting an internal address MOS transistor PQ2 and the ground node, and receiving the 

signal generated from the address buffer 1 in an internal sense amplifier enable signal ZSE at a gate thereof; an N 

operation. 60 channel MOS transistor NQ 1 connected between the node 

The control signal includes a chip enable signal /CE, a 907 and the internal data line 900, and coupled with drains 

write enable signal AVE and an output enable signal /OE. of the MOS transistors PQ2 and PQ3 at a gate thereof; and 

The command CMD specifies a data erase mode, a data an N channel MOS transistor NQ2 connected in parallel to 

write mode and the like, and is supplied through a data bus. the MOS transistor NQ3, and connected to the internal data 

The nonvolatile semiconductor memory device shown in 65 transmission iine 900 at a gate thereof. 

FIG. 17 is a flash memory in which one memory cell is The first internal output circuit 905 includes: P channel 

formed of one floating gate field effect transistor. Data MOS transistors PQ3 and PQ4 connected serially between a 
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power supply node and a first output node; and N channel 
MOS transistors NQ4 and NQ5 connected serially between 
the first output node and a ground node. An output signal of 
the CMOS inverter 904 is supplied to the gates of the MOS 
transistors PQ3 and NQ5, and the external read output 
enable signal EXRDE is supplied to the gate of the MOS 
transistor PQ4 through an inverter. Further, the external read 
output enable signal EXRDE is supplied to the gate of the 
MOS transistor NQ4. 

The second internal output circuit 906 includes: P channel 
MOS transistors PQ5 and PQ6 connected serially between a 
power supply node and a second output node; and N channel 
"MOSTransistors NQ6~arjd~NQ7 conhected'serially'betweerr 
the second output node and a ground node. An output signal 
of the CMOS inverter 904 is supplied to the gates of the 
MOS transistors PQ5 and NQ7. The verify output enable 
signal VFRDE is supplied to the gate of the MOS transistor 
PQ64hrough-an4nverter-and -further T the verify-output enable- 



signal VFRDE is supplied to the gate of the MOS transistor 
NQ6. 

The internal data transmission line 900 is coupled to a 
selected column of a corresponding memory array through 
the Y gate YG. When the sense amplifier enable signal ZSE 
is inactive at H level, the MOS transistor PQ1 and PQ2 are 
turned off, while the MOS transistor NQ3 is turned on in the 
current sense circuit 901. Therefore, the gate of the MOS 
transistor NQ1 is coupled to a ground node through the MOS 
transistor NQ3, and the MOS transistor NQ1 is turned off to 
disconnect the node 907 and the internal data transmission 
line 900 from each other. Further, the MOS transistor 902 is 
turned on and the node 907 is fixed at the ground voltage 
level. 

When the sense amplifier enable signal ZSE goes to L 
level of the active state, the MOS transistors PQ1 and PQ2 
are turned on, while the MOS transistor NQ3 is turned off. 
Further, the MOS transistor 902 is turned off. Therefore, the 
node 907 is charged by the MOS transistor PQ1 toward the 
power supply voltage level. Further, the MOS transistor 
NQ1 receives the power supply voltage at the gate thereof 
through the MOS transistor PQ2, to turn on for coupling the 
node 907 with the internal data transmission line 900. 
Therefore, a voltage lower than the power supply voltage by 
a threshold voltage of the MOS transistor NQ1 is transmitted 
to the internal data transmission line 905 through the MOS 
transistor NQ1. When a threshold voltage of a memory cell 
on a column selected by the Y gate YG is low, a current flows 
through the memory cell and a voltage level on the internal 
transmission line 900 decreases and the MOS transistor NQ2 
is turned off, a current flows from the MOS transistors PQ1 
and NQ1 to the internal data transmission line 900 to reduce 
a voltage level of the node 907. 

On the other hand, when a threshold voltage of a memory 
cell selected by the Y gate YG is high, no current flows 
through the selected memory cell and the internal data 
transmission line 900 goes to a voltage level charged by the 
MOS transistors PQ1 and NQ1. Accordingly, the MOS 
transistor NQ2 is turned on to discharge the gate of the MOS 
transistor NQ1 to the ground voltage level. Therefore, the 
MOS transistor NQ1 is turned off and the node 907 main- 
tains H level charged by the MOS transistor PQ1. A voltage 
level of the node 907 is amplified by the CMOS inverters 
903 and 904 and the amplified voltage is transmitted to the 
internal output circuits 905 and 906. 

In the internal output circuit 905, when the external read 
output enable signal EXRDE is inactive at L level, the MOS 
transistors PQ4 and NQ4 are off and the internal output 



circuit 905 is in an output high impedance state. On the other 
hand, when the external read output signal EXRDE is 
activated at H level, the MOS transistors PQ4 and NQ4 are 
turned on and the internal output circuit 905 inverts the 
signal supplied from the CMOS inverter 904 and transmits 
the inverted signal to the data buffer 2. The data buffer 2 is 
activated under control of the internal control circuit 7 
shown in FIG. 17 and buffers a data supplied from the 
internal output circuit 905 to output the buffered data to an 
outside. 

When the verify output enable signal VFRDE is inactive 
at L level, the MOS transistors PQ6 and NQ6 in the internal 

^ut^fcircuits 906"areoff anlllheThtelmllmtpuT drcuir906~ 
is in the output high impedance state. When the verify output 
enable signal VFRED is activated at H level, the MOS 
transistors PQ6 and NQ6 are turned on and a signal from the 
CMOS inverter 904 is buffered and supplied to the erasure/ 

-programmin^verification-cireuit-67 — 
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The erasure/programming verification circuit 6 identify, 
in an erasure operating mode, whether or not a signal 
supplied from the internal output circuit 906 is at a logical 
level corresponding to the erased state and determines 
whether or not erasing has been correctly effected. On the 
other hand, the erasure/programming verification circuit 6 
identifies, in a program mode, whether or not a data supplied 
from the internal output circuit 906 is at a logic level 
corresponding a write data and determines whether or not 
data writing has been correctly effected. The output enable 
signals EXRDE and VFRDE are selectively activated by the 
internal control circuit 7 according to whether an internal 
operation or an external operation is effected, based on a 
signal generated from the bank pointer. 
. FIG. 19 is a circuit diagram representing a configuration 
of a Y gate shown in FIG. 17. FIG. 19 shows a portion 
including the Y gate for selecting a memory cell of one bit 
from memory cells of 8 bits. In FIG. 19, the Y gate YG 
includes: column select gates TR0 to TR3 each formed of an 
N channel MOS transistor, and provided corresponding to 
respective internal data fines DL0 to DL3, and made con- 
ductive when column select signals CAL0 to CAL3 are 
selected, respectively, and column select gates TR4 to TR7 
formed of N channel MOS transistors, provided correspond- 
ing to respective internal data lines DL4 to DL7, and made 
conductive when column select signals CAL0 to CAL3 are 
selected, respectively. 

The internal data lines DL0 to DL7 are, for example, bit 
lines in the memory an ay MA and a column of memory cells 
are connected to each of the lines DLO to DL7. A column (an 
internal data line) is selected according to a column address 
in a set of the internal data lines DLO to DL3 and in a set of 
the internal data lines DL4 to DL7 by the column select 
gates TR0 to TR 3 and TR4 to TR7, and the selected 
columns are coupled to respective global data lines GDL0 
and GDL1. 

The Y gate YG further includes block select gates TR8 
and TR9 formed of N channel MOS transistors, provided 
corresponding to the global data lines GDL0 and GDL1, and 
made conductive when respective column block select sig- 
nals CAU0 and CAU1 are activated to couple the corre- 
sponding global data lines GDL0 and GDL1 to the internal 
transmission fine 900. 

In the Y gate YG shown in FIG. 19, a total of 2 bits 
composed of one bit from the internal data line DLO to DL3 
and one bit from the internal data line DL4 to DL7 are 
selected according to the column select signal CAL0 to 
CAL3 and the two bits are transmitted to the respective 
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global data lines GDLO to GDL1. Then, one of the global 
lines GDLO and GDL1 is coupled to the sense amplifier 
circuit through the internal transmission line 900 according 
to the column block select signals CAUO and CAUl. The 
internal transmission line 900 is also coupled to the write s 
circuit included in a corresponding write circuit and sense 
amplifier block 5 (5a to Sd), and data reading and data 
writing are effected through the Y gate YG. 

It should be appreciated that the memory array MA is 
divided into a plurality of blocks and a plurality of bits are 10 
read out in parallel. In FIG. 19, although a configuration is 

shown-in_which_a_memoiv_cell oLl. bit_is_simply_ selected 

from memory cells of 8 bits, a scale of the Y gate YG is 
expanded, proportional to the number of internal data lines 
included in one column block and the number of column 15 
blocks. 

FIG. 20 i s a circuit d iagram representin g an examp le of 

configuration of a column decoder shown in FIG. 17. In FIG. 
20, the column decoder CD includes: an OR circuit 910 
receiving an external read bank specifying signal EBP__X 
and an internal operation bank specifying signal IBP__X to 
generate a bank specifying signal BP_X; inverters 911 to 
913 inverting predecode signals (or address signal bits) AO 
to A2 to generate complimentary predecode signal /AO to 
/A2; and column decode circuits 914 to 919, enabled when 
the bank specifying signal BP_X is activated, for perform- 
ing a decode operation. 

The column decode circuit 914 receives the predecode 
signal /AO and the bank specifying signal BP_X to generate 
the column select signal CAL0. The column decode circuit 
915 receives the predecode signals AO and /Al, and the bank 
specifying signal BP_X to generate the column signal 
CALL The column decode circuit 916 receives the prede- 
code signals /AO and Al, and the bank specifying signal 
BP_X to generate the column select signal CAL2. The 
column decode circuit 917 receives the predecode signals 
AO and Al, and the bank specifying signal BP__X to 
generate the column select signal CAL3. The column decode 
circuit 918 receives the predecode signal /A2 and the bank 
specifying signal BP_X to generate the column block select 
signal CAUO. The column decode circuit 919 receives the 
predecode signal A2 and the bank specifying signal BP_X 
to generate the column block select signal CAUl. 

Level converters 920 are provided corresponding to the 
respective column select signals CAL0 to CAL3, and to the 
respective column block select signals CAUO to CAUl. The 
level converters 920 each receive a high voltage VP as one 
operating power supply voltage and converts a voltage level 
of a corresponding signal from a normal operation power 
supply voltage to a high voltage VP while maintaining a 
logical level thereof. When a programming operation is 
performed, a level conversion of a selected column select 
signal is performed using level converter 920 in order that a 
high programming voltage is transmitted onto a selected 
column through a column select gate formed of an N channel 
MOS transistor as shown in EG. 19. 

The predecode signals AO to A2 are supplied from the 
predecoder PD shown in FIG. 17. The column decode 
circuits 914 to 919 each are an AND type decode circuit and 60 
enabled when the bank specifying signal BP___X is activated 
at H level, to perform a decode operation. One of the column 
select signals CAL0 to CAL3 and one of the column block 
select signals CAUO to CAUl are driven to a selected state 
(H level) according to the predecode signals AO to A2. With 65 
such driving to the selected state, one column (of memory 
cells) is selected in the memory array MA. 



It should be appreciated that the predecode signals AO to 
A2, and /AO to /A2 may be address signal bits. 

In the nonvolatile semiconductor memory device as 
shown in FIG. 17, a data can be read out from a bank through 
accessing that bank while an internal operation for erasing/ 
programming is performed on another bank. It is necessary, 
however, to provide a write circuit and a sense amplifier 
circuit for each bank in order to realize the background 
operation (BGO) function. Especially, in a sense amplifier as 
shown in FIG. 18, output circuits are required to be provided 
for external data outputting and for an internal operation (for 
verifying), separately, and there arises a problem that an 
-occupying-area- ofa sense-amplifierisTarger- Specifically— 
when the number of banks is increased in order to improve 
an operating efficiency of the nonvolatile semiconductor 
memory device, the number of sense amplifiers increases 
proportionally, thereby resulting in great increase in chip 
occupied area. 



30 



35 



45 



50 



55 



SUMMARY OF THE INVENTION 
It is an object of the present invention to provide a 
nonvolatile semiconductor memory device capable of sup- 
pressing increase in chip area with degradation of a back- 
ground operation function even when the number of banks 
increases. 

It is another object of the present invention to provide a 
flash memory with a background operation function being 
capable of increasing the number of banks while suppressing 
increase in number of internal data read circuits. 

A nonvolatile semiconductor memory device according to 
one aspect of the present invention includes: a plurality of 
memory banks each having a plurality of nonvolatile 
memory cells; at least one sense amplifier for read operation, 
provided corresponding to a prescribed number of memory 
banks of the plurality of memory banks, for outputting 
externally a data read out from a corresponding bank 
through a buffer circuit; and an sense amplifier for internal 
operation, provided corresponding to the plurality of 
memory banks and separately from the sense amplifier for 
read operation, for reading out a memory cell data from a 
corresponding memory bank for a prescribed internal opera- 
tion. 

A nonvolatile semiconductor memory device according to 
another aspect of the present invention includes: a memory 
array having a plurality of nonvolatile memory cells 
arranged in a matrix of rows and columns; an external sense 
amplifier circuit for reading out a data on a selected memory 
cell of the memory array to an outside; an sense amplifier for 
internal operation, provided separately from the external 
sense amplifier circuit, for reading out a data from a selected 
memory cell of the memory array for a prescribed internal 
operation; and a select circuit for coupling the selected 
memory cell of the memory array to the external sense 
amplifier circuit and the sense amplifier for internal opera- 
tion through different paths. 

A nonvolatile semiconductor memory device according to 
still another aspect of the present invention is a nonvolatile 
semiconductor memory device with a background operation 
function, in which a plurality of internal data read paths are 
provided extending from one memory cell array. 

By providing a sense read circuit for external reading 
corresponding to a prescribed number of memory banks, it 
is unnecessary to provide external read sense amplifiers 
corresponding to respective memory banks, thereby 
enabling a chip area to decrease. 

By connecting a sense read circuit for external reading 
and a sense read circuit for an internal operation to a bank 
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through different paths, efficient placement of the sense read FIG. 18 is a circuit diagram representing a configuration 

circuit for an interna] operation can be realized, thereby of a conventional sense amplifier; 

improving a layout efficiency and reducing a chip area. FIG. 19 is a circuit diagram representing a configuration 

Further, by providing a plurality of output paths for a of a conventional Y gate; and 

memory array, an internal operation amplifier and an exter- s FIG. 20 is a circuit diagram representing a configuration 

nal read sense amplifier can be separately disposed in an 0 f a conventional column decoder. 

^ZZgfTSFJf* ™ ^ 6ffiCien,ly DESCRIP"nON OF^THE^PREFERRED 

The foregoing and other objects, features, aspects and 

advantages of the present invention will become more 30 [First Embodiment] 

apparent from the following detailed description of the FIG. 1 is a block diagram schematically showing the 

present invention when taken in conjunction with the entire configuration of a nonvolatile semiconductor memory 

acepmpanyingjdrawings. device ^according _to_a_firsL embodiment _of. the -present. 

T-jT) tt7"c nccrDTBTinM ott Tun r»r> a\i7tnt/-c invention. In FIG. 1, the nonvolatile semiconductor memory 

BRIEF DESCRIPTION OF THE DRAWINGS , . . , , V4 /- . i nJ n * • -i / 

device includes a plurality of banks B#l to B#4 similar to 

FIG. 1 is a block diagram schematically showing the tne conventional case. The nonvolatile semiconductor 

entire configuration of a nonvolatile semiconductor memory memory device further includes: an external read sense 

device according to a first embodiment of the present amplifier 15 for reading out a data to an outside of the 

invention; — memory devicelhrough a data~buffeT2; and a w7ite~circiiit 

FIG. 2 is a block diagram schematically showing an ^ for internal writing and internal verify sense amplifier block 

internal connection state of the nonvolatile semiconductor 25 for erasure/programming verification provided com- 

memory device according to the first embodiment of the monly to the plurality of banks B#l to B#4. 

present invention; The external read sense amplifier 15 and the write circuit 

FIG. 3 is a block diagram schematically showing a and internal verify sense amplifier block 25 are coupled to 

configuration of an address buffer shown in FIG. 1; 2$ the banks B#l to B#4 through different paths. Since the 

FIG. 4 is a circuit diagram schematically showing an banks B#l to B#4 are coupled to the external read sense 

address latch shown in FIG. 3; amplifier 15, and the write circuit and internal verify sense 

FIG. 5 is a circuit diagram representing a configuration of amplifier block 25 through the different paths, a data can be 

a bank pointer shown in FIG. 1; read out from one of the banks B#l to B#4 to the outside 

FIG. 6 is a block diagram schematically showing a 30 while an internal operation (programming/erasure 

configuration of a Y gate shown in FIG. 1; operation) is effected on another bank. 

FIG. 7 is a circuit diagram specifically showing the The write circuit and internal verify sense amplifier block 

configuration of the Y gate shown in FIG. 6: 25 are provided commonly to the banks B#l to B#4 and 

FIG. 8 is a circuit diagram representing a configuration of therefore, no bank specifying signal from a bank pointer 3 

a column decoder shown in FIG. 6; 35 is supplied to the block 25 but the write circuit and internal 

FIG. 9Ais a circuit diagram representing a configuration verify sense amplifier block 25 is activated only when a bank 

of an external read sense amplifier shown in FIG. 1, and FIG. ^pecifymg signal for an internal operation as generated. The 

9B is a circuit diagram representing a configuration of an wnte a ™ U ^d internal verify sense amplifier block 25 is 

internal verify sense amplifier shown FIG. 1; acUva * d acc0 ^S to a control signal supplied from an 

^„ . ■ . ,. 4 . n .-40 internal control circuit 7. A control line to the wnte circuit 

FIG. lOAis a circuit diagram representing a configuration u . , .,. L1 , . , , 

r . A , • ™^ 1 . r-r^ • an d internal verify sense amplifier block 25 from the internal 

of write circuit shown in FIG. 1, and FIG, 10B is a circuit t A . _ . J , . ^ ■, . , ,• • t-i^ 

, . n ' . c , « t control circuit 7 is depicted with a short-dashed fine in FIG. 

diagram representing a configuration or a level converter ^ r 

and an inverter with a level conversing function shown in * , , , . „ . m . t . , ( 

FIG 10A' external read sense amplifier 15 is also provided 

. .-11 i_ • 45 commonly to the banks B#l to B#4 and when a data read 

FIG. 11 is a block diagram schematically showing a / L1 . . . c 

& . ~ . 1 * 1 • command or a chip enable sienal/CE is supplied from the 

configuration of an internal control circuit shown in FIG, 1: 4 ., , 4 . 4 . \ , , t , r . * 1 4 , 

_ , M . , . outside, it is activated under control of the internal control 

FIG. 12 is an illustration schematically showing a con- circui( ? (a , me for ^ activation fc not shown in FIG 1} 

figuration of one bank of a nonvolatile semiconductor Mtem ^ ivsl y t the external read XDSe amplifier 1S may be 

memory device according to a second embodiment of the ffl activated m synchronization activation of a bank speci . 

present invention, fying signal when a read command instructing data read or 

FIG. 13 is a circuit diagram representing a configuration the chip enable signal /CE fe supplied> Wnen a read enable 

of a Y gate shown in FIG. 12; signal /0E ^ supplicd> a data output buffer i nc i uded in the 

FIG. 14Ais a circuit diagram representing a configuration da ta buffer 2 is activated to perform external reading of a 

of an external read column decoder shown in FIG. 12, and 5S data> Therefore, for the purpose of external reading of a data, 

FIG. 14B is a circuit diagram representing a configuration of the signals /OE and /CE are both activated, 

an internal operation column decoder shown in FIG. 12; nt banks B#1 to B#4 each inchlde; a mem ory array MA 

FIG. 15 is a block diagram schematically showing the having a plurality of nonvolatile memory cells arranged in a 

entire configuration of the nonvolatile semiconductor matrix of rows and columns; a row decoder RD for selecting 

memory device according to the second embodiment of the 60 a mcm ory cell row (a word line); a column decoder CD 

present invention; generating a column select signal for selecting a column of 

FIG. 16 is a block diagram schematically showing a the memory array MA; a predecoder PD predecoding an 

configuration of a modification of the second embodiment of address signal supplied from the address buffer 1; and a Y 

the present invention; gate YG coupling a selected column of the memory array 

FIG. 17 is a block diagram schematically showing the 65 MA to either the external read sense amplifier 15 or the write 

entire configuration of a conventional nonvolatile semicon- circuit and internal sense amplifier block 25 according to a 

ductor memory device; column select signal supplied from the column decoder CD. 
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The column decoder CD, the row decoder RD and the been performed, in order to verify whether or not a memory 
predecoder PD are selectively activated according to a bank cell to be programmed reaches a required threshold voltage 
specifying signal supplied from the bank pointer 3. The Y after completion of the programming operation. In this case, 
gate YG has two data transmission paths, different from a the internal verify sense amplifier included in the block 25 
conventional practice, and couples a selected column (an 5 is again activated, a memory cell data that has been pro- 
internal data line) to the external read sense amplifier 15 and grammed is read out and further, in the erasure/ 
the write circuit and internal verify sense amplifier block 25. programming verification circuit 6, it is determined whether 
The data buffer 2, the write data buffer 4 and the erasure/ or not a memory cell data coincides with a data that is 
programming verification circuit 6 are provided commonly latched in the write data buffer 4. This programming is to 
to the banks B#l to B#4 similar to a conventional practice. 1Q raise a threshold voltage of a memory cell above a prede- 
Now, description will be given of operations of the non- terrnined value in a NOR flash memory, but to reduce a 
volatile semiconductor memory device shown in FIG. 1. threshold voltage of a memory cell below a predetermined 

In an-erasure-operation,-erasing4s-performed-in-a-cell value in a DINOR fksh memory-Theanteraal control-drcuir 

region (a sector or a block) to be erased in a selected bank. 7 again applies a necessary voltage to each of nodes of 
When the erasure operation is completed, the write circuit to -be -written memory cells for a necessary time according to 
and internal verify sense amplifier block 25 is activated a verification result of the erasure/programming verification 
under control of the internal control circuit 7, a memory cell circuit 6, if programming is insufficient. In this program- 
data that has been erased in the selected bank is read out b y min g o peration , a programming pulse is transmit ted _to_each_ 
the internal verify sense amplifier, and the erased data is region. 

supplied to the erasure/programming verification circuit 6. It ^ [ n m i s wr i te operation, a bank B#i (i-1 to 4) that is to be 
is determined in the erasure/programming verification cir- written is coupled to the write circuit and internal verify 
cuit 6 whether or not a threshold voltage of the erased sense amplifier block 25 and further the bank B#i is acti- 
memory cell corresponds to an erased state. In a NOR flash vated by the internal operation bank specifying signal sup- 
memory, an "erasure" state means a state where a threshold p Hed from the bank pointer 3. In this internal operation, a 
voltage of a memory cell is lower than a predetermined ^ read command (signals OE and/aclivation of CE) for reading 
value, while in a DINOR flash memory, an "erasure" state a data externally is supplied to specify the bank B#j (i*j). At 
means a state where a threshold voltage of a memory cell is this time, in a case where a read mode is set by the signals 
higher than a predetermined value. /OE and /CE, the internal control circuit 7 activates the bank 

According to the determination result in the erasure/ B#j that is to be accessed for data reading and performs data 

programming verification circuit 6, the internal control cir- 30 reading on a selected memory cell of the bank B#j using the 

cuit 7 supplies necessary voltages for erasing to a word line external read sense amplifier 15 when an address signal AD 

of a selected bank, the drain of a memory cell, the source (AE) supplied externally to the address buffer 1 specifies a 

thereof and a substrate region (supplies an erasure pulse). bank B#j different from the bank B#i that is to be accessed 

The erase/verify cycle is repeated till completion of erasing. for writing. 

Next, description will be given of a write operation of a 35 When data reading on the bank B#i is again instructed 

data to a selected memory cell. In the write operation, not during the write operation on the bank B#i, the internal 

only a control signal CTL but also a write command as a control circuit 7 reads out status information, generated 

command CMD from outside of the chip are supplied. normally in an interna] operation and stored in a status 

Subsequent to this, a write data and a write address AD are register not shown, through the buffer 2 to the outside. A data 

supplied together with a control signal CTL (a write enable 4Q stored in the status register indicates a status of the internal 

signal /WE and a chip enable signal /CE). The write data is operation in progress in the nonvolatile semiconductor 

latched in the write data buffer 4 through the data buffer 2 memory device 1. 

(a write operation is collectively effected on a plurality of Therefore, as shown in FIG. 1, the external read sense 

bits). On the other hand, an address signal AD supplied from amplifier 15 and the internal verify sense amplifier are 

the outside is latched in the address buffer 1 to generate an 45 separately provided, and in addition, these amplifiers are 

internal address signal AI. The command CMD is decoded coupled to the banks B#l to B#4 tnrough different paths, and 

in the internal control circuit 7 and when it is detected that thus the number of sense amplifiers can be decreased with no 

data writing is specified, the internal control circuit 7 per- degradation in the background operation function. Further, 

forms a necessary operation for writing. sulce tne write circuit and internal verify sense amplifier 

That is, the internal control circuit 7 performs program- 50 block 25 is provided commonly to the banks B#l to B#4, the 

ming based on a write data latched in the write data buffer write circuit and internal verify sense amplifier block 25 can 

4. In this case, the data latched in the write data buffer 4 is be disposed at a most optimal position, taking a layout of 

supplied to the write circuit of the write circuit and internal peripheral circuitry thereof into consideration, to enable 

verify sense amplifier block 25 and the write data is trans- improvement on an area utilization efficiency, with the result 

mitted to a selected bank from the write circuit included in 55 that a reduced chip area can be realized owing to not only 

the block 25. decrease in number of circuits, but also improvement on area 

The internal control circuit 7 applies necessary voltages to utilization efficiency, 

a word line, the drain and source of a memory cell and a That is, as shown in FIG. 2, when the bank B#i is coupled 

substrate region, respectively, in a bank specified by a bank to the write circuit and internal verify sense amplifier block 

specifying signal generated by the bank pointer 3 for a 60 25, and an internal operation thereon is performed, the bank 

necessary time. In other words, necessary voltage levels are B#j are disconnected from the write circuit and internal 

applied for a necessary time duration to the column decoder verify sense amplifier block 25. The bank B/rj is coupled to 

CD, the row decoder RD and a substrate region of the the external read sense amplifier 15, for reading out a data 

memory array MA (a substrate region per sector), respec- on a selected memory cell of the hank B#j through the data 

tively. 65 buffer 2. In these operation, since the bank B#i is discon- 

The internal control circuit 7 performs internal reading of nected from the external read sense amplifier 15, no adverse 

a data on a memory cell on which data programming has influence due to an operation of the bank B#i is exerted on 
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data reading from the bank B#j . Therefore, as shown in FIG. 
2, different data input/output paths are provided to the 
external read sense amplifier 15 and the write circuit and 
internal verify sense amplifier block 25 and thereby, no 
degradation of the background operation function arises 
even when the external read sense amplifier 15 and the write 
circuit and internal verify sense amplifier block 25 are 
provided commonly to a plurality of banks. 

[Configuration of Address Buffer] 

FIG. 3 is a block diagram schematically showing a 
configuration of the address buffer 1 shown in FIG. 1. In 
.FIG._3,the_addressJ)uffer l_includes:_a_NAND-circuit_la 
receiving an address buffer enable signal ABE generated 
based on an address signal AD and the control signal CTL 
(AVE, /OE and /CE) supplied externally; an inverter lb 
inverting an output signal of the NAND circuit la to 
generate an internal address signal ADi; two cascaded 
inverters lc andTa* Buffelih^the~inl«malTddre^ss^igrIal ADi" 
outputted by the inverter lb to generate an external reading 
address signal AE; and an address latch le receiving an 
internal control address signal ICAD supplied from the 
internal control circuit 7 and the internal address ADi 
supplied from the inverter lb, and selectively latching 
received address signals according to an external address 
latching enable signal EALE and an internal control address 
latching enable signal IALE to generate the internal opera- 
tion address signal AL The address latch le resets the 
internal operation address AI when a reset signal ZRST is 
active (at L level). The reset signal ZRST is activated when 
one internal operation is completed. 

The internal control address signal ICAD is generated by 
the internal control circuit with the address signal AD 
supplied externally used as an initial address. For example, 
in a page mode operation or the like, an internal control 
address signal (a column address signal) is sequentially 
changed. In a data write operation as well, an address is 
sequentially updated from the initial address by the internal 
control circuit 7 internally provided. A memory cell of a 
selected bank is selected for data reading according to the 
external read address signal AE, and a data on the selected 
memory cell is read out externally through the external read 
sense amplifier 15 and the data buffer 2. A selected memory 
cell of a bank subject to an internal operation according to 
the internal operation address signal AI is coupled to the 
write circuit and internal verify sense amplifier block 25. 

FIG. 4 is a circuit diagram representing an example of 
configuration of the address latch le shown in FIG. 3. In 
FIG. 4, an address latch le includes: a transfer gate 30a, 
made conductive when the external address latching enable 
signal EALE is active (at H level) to pass the internal 
address signal ADi therethrough; a transfer gate 306 made 
conductive when the internal control address loading enable 
signal IALE is active (at H level) to pass the internal control 
address signal ICAD therethrough; a NAND circuit 30c 
receiving the reset signal ZRST at a first input, and receiving 
an address signal supplied from one of the transfer gates 30a 
and 30fe at a second input; an inverter 30c inverting an 
output signal of the NAND circuit 30c to feed back the 
inverted signal to the second input of the NAND circuit 30a*; 
and an inverter 30e inverting an output signal of the NAND 
circuit 30t to generate the internal operation address signal 
AI. 

The NAND circuit 30c operates as an inverter when the 
reset signal ZRST is inactive at H level, a latch circuit (an 
inverter latch) is constructed of the NAND circuit 30c and 
the inverter 30c/, and an address signal supplied from the 
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transfer gate 30a or 306 is latched in the latch circuit. When 
the reset signal ZRST is activated, an output signal of the 
NAND circuit 30c goes to H level and responsively, all the 
bits of the internal operation address signal AI are reset to 

5 "0" (to L level). The internal operation address signal AI 
supplied from the address latch le and the external read 
address signal AE supplied from the address buffer are 
supplied commonly to the banks B#l to B#4 shown in FIG. 
1. Further, the address signals AE and AI are also supplied 
to the bank pointer 3. It is identified which of external and 
internal reading is specified by a bank specifying signal 
generated by the bank pointer 3. 

[ Configuration- of-B ank-Po inter] 

FIG. 5 is a circuit diagram representing a configuration of 
the bank pointer 3 shown in FIG, 1. The bank pointer 3 
decodes upper bits of the external read address signal AE 
and the internal operation address signal AI to generate bank 

_specify iggsignajs specifying b anks for external readin g and 

internal reading, respectively. The number of address signal 

M bits decoded by the bank pointer 3 is determined according 
to the number of banks. In the first embodiment, the banks 
B#l to B#4 are provided and a bank specifying signal is 
generated using the 2 most significant bits of each of the 
address signals AE and AI. 

25 Specifically, in FIG. 5, the bank pointer 3 includes: an 
external read bank decode circuit 3a generating external 
read bank specifying signals EBP1 to EBP4 according to the 
external read address signal bits AE<m> andAE<m-l>; and 
an internal operation bank decode circuit 3b receiving 

3Q internal operation address bits AI<m> and AI<m-l> to 
generate internal operation bank specifying signals IBP1 to 
IBP4. 

The external read bank decode circuit 3a includes: an 
inverter 33a inverting the address signal bit AE<m>to 

35 generate a complementary address signal bit /AE<m>; an 
inverter 336 inverting the address signal bit AE<m-l> to 
generate a complementary address signal bit /AE<m-l>; 
and AND decode circuits 33c to 33/ provided corresponding 
to the respective bank specifying signals EBP1 to EBP4. 

40 The AND decode circuit 33c receives the address signal 
bits /AE<m> and /AE<m-l> supplied from the inverters 
33a and 33b. The AND decode circuit 33d receives the 
address signal bits /AE<m> supplied from the inverters 33a 
and AE<m-l>. The AND decode circuit 33e receives the 

45 address signal bit AE<m> and the complementary address 
signal bit /AE<m-l> supplied from the inverters 33b. The 
AND decode circuit 33/ receives the address signal bits 
AE<m> and AE<m-l>. When the bank specifying signals 
EBP1 to EBP4 are activated, respective bank B#l to B#4 are 

50 activated. 

The internal operation bank decoder 3b includes: inverters 
33g and 33// inverting the internal operation address signal 
bits AI<m> and AI<m-l>, respectively, and AND decode 
circuits 33 i to 33/ generating the internal operation bank 

55 specifying signals IBP1 to IBP4, respectively. 

The AND decode circuit 33i receives complementary 
address signal bits /AI<m> and /AI<m-l> supplied from the 
inverters 33^ and 33h. The AND decode circuit 33/ receives 
the address signal bit AI<m> and the complementary 

60 address signal bit /AI<m-l> supplied from the inverter 33/. 
The AND decode circuit 33k receives the complementary 
address signal bit /AI<m> supplied from the inverter 33g 
and the address signal bit AI<m-l>. The AND decode 
circuit 331 receives the address signal bits Ar<m> ariH 

65 AI<m-l>. The internal operation bank specifying signals 
IBP1 to IBP4 activate the respective banks B#l to B#4 for 
internal operation when activated. 
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[Configuration of Column Select Circuit] 
FIG. 6 is a block diagram schematically showing a 
configuration of the circuitry related to column selection in 
one bank B#i (i=l to 4). The column select circuit includes: 
a column decoder CD; and a Y gate YG. The column 
decoder CD receives internal operation address signal bits 
(or a predecode signal) AI<s:0> and an external read address 
signal bits (or a predecode signal) AE<s:0>to generate a 
column select signal CAL and path select signals CAE and 
CAI . Prescribed bits of the internal operation address signal 
bits AI<s:0> are decoded to generate an internal operation 
select signal CAI, while prescribed bits of the external read_ 
""address" signarbits - AE<s:0> - are decoded to generate an 
external read select signal CAE. The column select signal 
CAL is generated based on the address signal bits AI<s:0> 
and AE<s:0>. Bits AE<m-2:s+l> and AE<m-2:s+l> each 
are a row address and supplied to the row decoder. 

Although a~predecode _ operation *is _ performe<l _ by"trie _ 
predecode r PD and a predecode signal is supplied to the 
column decoder, description below will be given of a 
configuration in which address bits are directly decoded for 
simplicity of description. Address predecoding can be real- 
ized by replacing address signal bits with a predecode signal. 

The Y gate YG includes: a column select circuit 35 
selecting an addressed column from an internal data line 
group DLG of the memory array MA according to the 
column select signal CAL supplied from the column decoder 
CD; an external read select circuit 36 for connecting a 
prescribed number of columns of columns selected by the 
column select circuit 35 according to a path select signal 
CAUE supplied from the column decoder CD to the external 
read sense amplifier 15; and an internal operation select 
circuit 37 connecting a prescribed number of columns of the 
columns selected by the column select circuit 35 according 
to an internal operation select signal CAUI supplied from 
the column decoder CD to the internal operation sense 
amplifier block 25. The external read select circuit 36 is 
coupled to the external read sense amplifier 15 through an 
internal data transmission line 40 and the internal operation 
select circuit 37 is coupled with the internal operation sense 
amplifier block 25 through an internal transmission line 42. 

Since the external read select circuit 36 and the internal 
operation select circuit 37 are provided in the Y gate YG, a 
selected column of the memory array MA can be selectively 
connected to the external read sense amplifier 15 or the 
internal verify sense amplifier block 25 through the different 
internal data transmission lines 40 and 42, and therefore, in 
parallel to an internal operation at one bank, a data can be 
read out from another bank. 

FIG. 7 is a circuit diagram representing the configuration 
of the Ygate YG shown in FIG. 6. In FIG. 7, a configuration 
is shown of a portion for selecting a memory cell of one bit 
in the Y gate YG. The memory array MA is divided into a 
plurality of blocks, one column is selected by the column 
select circuit 35 in each of the plurality of blocks and each 
selected column is connected to a global data line GDL 
(GDLO and GDL1). One of the global lines GDLO and GDL1 
is coupled with the external read sense amplifier or the 
internal operation sense amplifier by the external read select 
circuit 36 and the internal operation select circuit 37 through 
internal data transmission lines 40a or 42a. 

Here, a case is shown where one block is constructed of 
4 columns, as an example, and column select signals CALO 
to CAL3 are generated as the column select signal CAL. A 
configuration of the column select circuit 35 is the same as 
the configuration of a portion responsive to the column 
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select signals CALO to CAL3 of the conventional Y gate YG 
shown FlG. 19 and corresponding components are indicated 
by the same reference numerals. Specifically, transfer gates 
TOO to TR3 and TR4 to TR7 are disposed on respective data 
lines DL of an internal data line group DLG of a memory 
array MA, and one of the transfer gates TOO to TR3 and one 
of the transfer gates TR4 to TR7 are simultaneously turned 
on, and selected columns of the memory array MA are 
connected in parallel to the global data lines GDLO and 
GDL1. 

The external read select circuit 36 includes transfer gates 
TXE0 and TXE1 provided corresponding to the respective 
-global data lines GDLO-and-GDLl^ and made-conductive in ~ 
response to external read line select signal CAUE0 and 
CAUE1, respectively to connect selected global data lines 
GDLO and GDL1 to the internal data transmission line 40a. 

The internal operation select circuit 37 includes transfer 
_gate^'KCW^dJDCIlpjovided _corresponding_to_the_respec- - 
tive global data lines GDLO and GDL1, and made conduc- 
tive in response to respective internal operation line select 
signals CAUI0 and CAUI1 to connect the global data lines 
GDLO and GDL1 selectively to the internal data transmis- 
sion line 42a. The internal data transmission lines 40a and 
42a each transmit a memory cell data of one bit and are 
included in the internal data lines 40 and 42 shown in FIG. 
6, respectively. 

In the configuration of the Y gate YG shown in FIG. 7, the 
external read select circuit 36 and the internal operation 
select circuit 37 perform column select operations according 
to the respective column select signals CAUE and CAUI 
supplied from the column decoder CD. When the external 
read select circuit 36 is inactive, the transfer gates TXE0 and 
TXE1 are off and the internal data transmission line 40a is 
disconnected from the global data lines GDLO and GDL1. 
Likewise, when the internal operation select circuit 37 is 
inactive, the transfer gates TXIO and TXI1 are off and the 
internal data transmission line 42a is disconnected from the 
global data lines GDLO and GDL1. Therefore, when an 
internal operation is performed in one memory array, the one 
memory array in which the internal operation is being 
performed is disconnected from the internal data line 40a, 
and another bank can transmit a data to the external read 
sense amplifier through the internal data line 40a. 

FIG. 8 is a circuit diagram representing a configuration of 
the column decoder shown in FIG. 6. In FIG. 8, the column 
decoder CD includes: inverters 45a to 45/ receiving address 
signal bits AE<2>, AI<2>, AE<1>, AI<1>, AE<0> and 
AI<0>; and 2-input AND decode circuits 47a to <X7d gen- 
erating path select signals (column block select signals) 
CAUE0, CAUE1, CAUE1, CAUI0 and CAUI1 based on 
address signal bits AE<2>, AI<2>, /AE<2> and /AI<2>, and 
bank specifying signals EBP_X and IBP_X. The AND 
decode circuit 47a receives the address signal bit /AE<2> 
and the bank specifying signal EBP_X to generate the path 
select signal CAUE0. The AND decode circuit 41b receives 
the address signal bit AE<2> and the bank specifying signal 
EBP_X to generated the path select signal CAUE1. The 
AND decode circuit 47c receives the address signal bit /Al 
<2> and the bank specifying signal IBP_X to generate the 
path select signal CAUI0. The AND decode circuit 47a" 
receives the address signal bit AI <2> and the bank speci- 
fying signal IBP_X to generate the path select signal 
CAUI1. The bank specifying signals EBP_X and IBP_X 
are generated from the bank pointer 3 (see FIG. 5) and 
specifies a bank #X (X=l to 4). 

The column decoder CD further includes 3-input AND 
decode circuits 48a to 4Sh. The AND decode circuit 48a 
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receives the address signal bits /AE<1> and/AE <0> and the The configuration shown in FIG. 9A is equivalent to a 

bank specifying signal EBP X.-Thc AND decode circuit configuration obtained by removing the internal output 

48b receives the address signal bits /AI <1> and /Al <0> and circuit 906 transmitting a data to the erasure/programming 

the bank specifying signal 1BP_X. The AND decode circuit verification circuit from the conventional sense amplifier 

48c receives the address signal bits /AE <1> and AE <0> and 5 shown in FIG. 18, and corresponding circuits are of the same 

the bank specifying signal EBP_X. The AND decode circuit structure in the arrangements of FIGS. 9A and 18. The 

48rf receives the address signal bits /AI <1> and AI <0> and current circuit 15a ^ activa ted when the external read 

the bank specifying signal IBP X The AND decode circuit scnsc Mcr enabk sj } ZEXS£ fa activatcd fa seQse a 

48* receives the address signal bits /AE <1> and /AE <0> data transmitted onto the internal data transmiss i on line 40a 

and the bank specifying signal UBP X The AND decode (4Q) ^ d ^ transmission linc 40fl (40) is lcd 

circuit 48/ receives the address signal bits AI <1> and /AI ^ 7 , . . v , v „ - , , v „' . * A 

<0> and the bank specifying signal IBP_X. The AND commonl y ^ lhe S ates of the banks B#1 to 

decode circuit 48e receives the address jignalbhs AE <0> .'^ is^jnrc^dwgram^epjese^tmg_a^nflguraUoji_ 

-an"d AE~<irand thTbaikipecifying" signal EBP_X. The of a verif V sense amplifier included in the write circuit and 

AND decode circuit 48/i receives the address signal bits AI verif V XBSC amplifier block 25. In FIG. 9B, the verify sense 

<1> and AI <0> and the bank specifying signal 1BP_JC. 15 amplifier includes: a current sense circuit 25a sensing the 

The column decoder CD further includes: an OR circuit P resence or non-presence of a current on the internal data 

49* receiving output signals of the AND decode circuits 48 fl ™!^° n * me 42fl . whe » 1116 VM f ? 861,86 amphfier enable 

j jol * * -*l - - 1 — i — i i p A1 n no signal-ZYFSE-is-activated;-a-prccharge trarisistor"25£> pre- 

-and~48oto generate the column select signal CALO an OR , & j Wl . j \ i i L tL 

•* aau • • « « • i p »u a a~ charging a node 25/ to the ground voltage level when the 

circuit 49b receiving output signals of the AND decode „ ..^ . . . i r„,nrr * , . . 

^ ao j ao j * * *u i i „* ■ i 2U sense amplifier enable signal ZVFSE is deactivated: a 

circuits 48c and 48d to generate the column select signal • ^ • ■ i * it _ * ->A 

oat i r\n - u a<\ ~ «„# „i„ n f f L fl CMOS inverter 25c inverting a signal of the node 25/. a 

CAL1; an OR circuit 49c receiving outputs signals of the ^w^o • * ~> e , ■ 6 f * • i rU A C 

.. m , , ^ or ° . 4 , t „ CMOS inverter 25a inverting an output signal of the CMOS 

AND decode circuits 48c and 48/ to generate the column 4 « t i j* ^ . j i_ 

i * - i oat i j nn *♦ ^oj „ M ;„: .,.♦«„* inverter 25c; and a clocked inverter 25e activated when the 

select signal CAL2 and an OR circuit 49a receiving output 5 . . 

1 r.u xvm j j •* aq a aq i, * ♦ venfy sense amplifier output enable signal VFRDE is 

signals of the AND decode circuits 48g and 48h to generate n< . \ , j • *• . * - T c nunc 

iL & i i <. - i o a t a 25 activated, and inverting an output signal of the CMOS 

the column select signal CAL3. . \-, . 6 . 4 tk r . V 4 , , 

. « i t r.i. 1 . inverter 25a to transmit the signal to the erasure/ 
Level converters 46 converting voltage levels of the select . .. • •* * 

, nirtm ^ , Iir .. ^ A ttt« mini j o a t n * programming verification circuit 6. 

signals CAUEO, CAUE1, CAUIO, CAUI1 and CALO to v f ^ & . c t -J? _ 
CAL3 are provided conesponding to the respective select A configuration of the verify sense amplifier shown in 

signals in an output of the column decoder CD. The level 30 FIG - 9B * equivalent to a configuration obtained by remov- 

converters 46 each converts a supplied signal at an operating m S the internal out P ut circuit . 905 transmitting a data to the 

power supply voltage to a signal at a high voltage VP level. data bufferftom the conventional sense amplifier shown m 

The level converters 46 each perform no conversion of a FIG. 18. The internal data transmission line 42a (42) is 

logical level. In a write operation, a high programming C0 *P led commonly with the Y gates of the banks B#l to 

voltage is transmitted onto a selected column by the high 35 B#4 ' 

voltage VP without any influence of a threshold voltage loss In the configurations of the sense amplifiers shown in 

of a select gate in the Y gate. FIGS. 9Aand 9B, one internal output circuit (15e or 2Se) is 

The column decoder CD performs a column select opera- provided in each sense amplifier and an occupying area of 

tion when one of the external read bank specifying signal lhe sense amplifer circuit itself can be reduced. Therefore, 

EBP_X and the internal operation bank specifying signal 40 the number of sense amplifier circuits not only can decrease, 

IBP„X is activated and further, a path select signal is but an area of the amplifier circuits themselves also 

generated (activated) according to the signals EBP__X and can decrease, with the result that a chip area can decrease as 

IBP_X. A column select operation in the memory array is a wnole - Operations of the sense amplifier circuits shown in 

the same between an internal operation and an external read p I GS - 9A and 9B are the same 35 ^ conventional sense 

operation, and a selected column is connected to one of the 45 amplifier circuit as shown in FIG. 18. When an external read 

external read sense amplifier and the verify sense amplifier operation is performed, the external read sense amplifier 

(and the write circuit) according to whether the column enable S1 g nal ZEXSE is activated. When a verify operation 

selection is made in an external operation or in an internal is performed, the verify sense amplifier enable signal 

read operation. Therefore, by using the column decoder CD ZVFSE is activated, 
shown in FIG. 8, a column select operation and a path select 50 [Configuration of Write Circuit] 

operation can be performed according to an address signal (a FIG. 10A is a circuit diagram representing an example of 
predecode signal) in any of the internal operation and the configuration of a write circuit included in the block 25. In 
external read operation. FIG. 10A, the write circuit includes: an inverter 50a having 
[Configuration of Sense Amplifier] a level conversion function and inverting a logical level of 
FIG. 9 A is a circuit diagram representing a configuration 55 a write data WD and converting a voltage level thereof; a 
of the external read sense amplifier 15. In FIG. 9A, the level converter 50£> converting a voltage level of a write 
external read sense amplifier 15 includes: a current sense circuit enable signal WKE and generating its complemen- 
circuit 15a for sensing the presence or non-presence of a tary signal; and a write drive circuit 50c, enabled selectively 
current flowing through the internal data transmission line in response to an output signal of the level converter 50b, for 
40a; a precharge transistor 156, conductive when an external 60 driving the internal data transmission line 42a (42) accord- 
read sense amplifier enable signal ZEXSE is deactivated, for ing to a signal supplied from the level inverter 50a having 
precharging a node 15/ to the ground voltage level; a CMOS a level conversion function to generate an internal write data 
inverter 15c inverting a signal of the node 15/, a CMOS WDi. The internal data transmission line 42a (42) is coupled 
inverter 15d inverting an output signal of the CMOS inverter commonly with the Y gates of the banks B#l to B#4, 
15c; and clocked inverter iSe inverting an output signal of 65 The write drive circuit 50c includes: P channel MOS 
the CMOS inverter 15d when the sense amplifier output transistors PQ10 and PQ11 connected serially between a 
enable signal EXRDE is activated. power supply node and the internal data transmission line 
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42a; and N channel MOS transistors NQ11 and NQ1Q Therefore, in the write circuit shown in FIG. 10A, when 
connected serially between the internal data transmission the write circuit enable signal WKE is at L level of the 
line 42a and the ground node. An output signal of the inactive state, the MOS transistors FQ 11 and NQ 11 are both 
inverter 50a having a level conversion function is supplied off and the write drive circuit 50c is put into an output high 
to the gates of the MOS transistors PQ11 and NQ10. An 5 impedance state. When the write circuit enable signal WKE 
inverted signal and a non-inverted signal from the level is activated at H level, the MOS transistors PQ11 and NQ11 
converter 50£> are supplied to the MOS transistors PQ11 and are turned on, and one of the MOS transistors PQ10 and NQ 
NQ 11 respectively 10 is turned on according to an output signal supplied from 

By applying the high voltage VP onto the power supply the inverter 50a with a level conversion function to generate 
node, a high positive voltage is applied on the drain (a bit 10 the internal wnte data WDi. When the write data WD is a 
line) of a memory cell transistor when a programming L level, an output signal of the inverter 50a with a level 

operation isperformed.ina caseof a~NOR- flashmemoryra coaversion_function_goes_tp_ HJ[eyeJ_(th| Jn^^tage_VP — 

higher program voltage VPP is applied on the gate (a word level), the MOS transistor NQ10 is on Uie MOS transistor 
line) of a selected memory cell. In a case of a D1NOR flash PQ 10 is off, and the mtemaT wnte data WDi on the internal 
memory, a negative voltage is generally applied onto the 15 data transmission line 42a (42) goes to L level at the ground 
gate (a word line) of a selected memory cell when a program voltage level. 

operation-is-perf armed W hen the write data WD is at H level, the MOS transistor 

HG. 10B is a circuit diagram schematically showing a PQ1° » on, the MOS transistOT ^OTToEE: Th^inlcmal— 
configuration of the inverter 50a with a level conversion ^ write data WDi on the internal data transmission line 42a 
function and the level converter 50fc shown in FIG. 10A. In 20 (42) goes to the high vo tage VP level. When the internal 
FIG. 10B, the level converter (an inverter with a level write data WDi is at H level, programming on a selected 
conversion function) includes: an inverter IV receiving an memory cell is performed. When the internal write data WDi 
input IN; an N channel MOS transistor NQ12 connected * at L level, no programming on a corresponding memory 
between a node NDA and a ground node, and receding an ^ cell is performed, but the corresponding memory cell mam- 
output signal of the inverter IV at a gate thereof; an N 25 tains an erased state. 

channel MOS transistor NQ13 connected between a node It should be appreciated that the level converter 46 shown 
NDB and a ground node, and receiving the input signal IN in FIG. 8 also has a configuration similar to that of the level 
at a gate thereof; a P channel MOS transistor PQ12 con- converter shown in FIG. 10B. When no conversion of a 
nected between a high voltage supply node and the node logical level (inversion) is effected, the output signal OUT of 
NDA, and connected to the node NDB at a gate thereof; and 30 FIG. 10B is used. 

a P channel MOS transistor PQ13 connected between the [Configuration of Internal Control Circuit] 
high voltage supply node and the node NDB, and connected pjQ \\ j s a block diagram schematically showing a 
to the node NDA at a gate thereof. An output signal OUT at configuration of the internal control circuit 7 shown in FIG. 
the same logical level as the input signal IN is generated ^ \ m pro. 11, the internal control circuit 7 includes: a 
from the node NDA and an output signal /OUT obtained by command decoder 7a taking in an externally supplied corn- 
inverting a logical level of the input signal IN is outputted man( j c^D according to the control signal CTL and decod- 
from the node NDB. The inverter IV generates a signal with j ng fte command CMD to generate an internal operation 
the same amplitude as the input signal IN. instruction signal; an internal control signal generation cir- 

In the level converter (the inverter with a level conversion 4Q cuit lb generating various internal control signals according 
function) shown in FIG. 10B, when the input signal IN is at to an operating mode specifying signal supplied from the 
H level or at the power supply voltage level, an output signal command decoder 7a; and an address control circuit 7c, 
of the inverter IV goes to L level, the MOS transistor NQ13 taking in the internal operation address signal AI according 
is turned on arid the MOS transistor NQ12 is turned off. A to a control signal supplied from the internal control signal 
voltage level of the node NDB is lowered by the MOS 45 generation circuit lb and changing the address signal to 
transistor NQ13, the MOS transistor PQ12 is turned on, and generate the internal control address signal ICAD. 
the output signal OUT goes to H level, while the output y^e internal control signal generation circuit lb generates 
signal /OUT supplied from the node NDB goes to L level. lhe 6X t e rnal read sense amplifier enabling signal ZEXSE, the 
When the signals OUT and /OUT go to the high voltage VP external read sense amplifier output enable signal EXRDE, 
and the ground voltage level, respectively, the MOS tran- 5Q tne ver ify sense amplifier enable signal ZVFSE, the verify 
sistor PQ12 has the source and the drain set at the same sense amplifier output enable signal VFRDE and the like, 
voltage to be turned off and further, the MOS transistor internal control signal generation circuit lb generally 

PQ13 has the gate and the source set at the same voltage to a configuration like a sequence controller and not only 

be turned off. generates control signals necessary in a programming/erase 

When the input signal IN is at L level, an output signal of 55 operation, but also performs control on a verification opera- 
the inverter IV goes to H level. In this state, the MOS tion. An operation of each bank may be controlled by the 
transistor NQ 12 is oo, the MOS transistor NQ13 is off, and internal control circuit 7 with a bank specifying signal 
the node NDA is discharged to L level, while the node NDB supplied from the bank pointer 3 and alternatively such a 
is charged by the MOS transistor 13. configuration may be employed that the internal control 

Hence, the output signal OUT goes to L level and the 6Q circuit 7 generates a main control signal and a control signal 
output signal /OUT goes to H level (a high voltage VP level). for a bank is generated in each respective bank according to 

Trie inverter 50a with a level conversion function utilizes a bank specifying signal (an address decode operation is 
the output signal /OUT in the configuration shown in FIG. activated by a bank specifying signal). 
10B. The level converter 50b supplies the output signal OUT As described above, according to the first embodiment of 
to the gate of the N channel MOS transistor NQ 11, and its 65 the present invention, the external read sense amplifier and 
complementary output signal /OUT to the gate of P channel the internal verify sense amplifier are separately provided 
MOS transistor PQ11. fr° m eacn other, and further the sense amplifiers are coupled 
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to each bank through different paths, so that a chip occu- The internal operation Y gate YGI includes: transfer gates 

pancy area can be reduced with no degradation of the TRIO to TRI3 provided for a group of internal data lines of 

background operation function that while an internal opera- the memory array MA, and made conductive in response to 

tion is being performed in one bank, a data is read out from the respective column select signals CALIO to CALI3 to 

another bank. 5 connect corresponding columns to the global data line 

[Second Embodiment] GDILO; transfer gates TRI4 to TRI7 provided for another 

FIG. 12 is an illustration schematically showing a con- group of internal data lines of the memory array MA, and 

figuration of a main part of the nonvolatile semiconductor connecting corresponding columns to the global data line 

memory device according to a second embodiment of the GDIL1 in response to the respective column select signals 

present invention. In FIG. 12, a construction of one bank is 10 CALIO to CALI3; a transfer gate TGIO made conductive in 

representatively represented. In the second embodiment, the response to the column block select signals CAUI0, and 

external read Y gate YGE and the internal operation Y gate connecting the internal global data line DGILO to the 

— YGI are arranged-opposed-toeach other-at both-sides in-the internal-data-transmissionTine 42; and a-transfergate-TGIT~ 

column direction of a memory array MA (in a direction in made conductive in response to the column global select 

which internal data lines DL extend). The external read Y signal CAUI1 to connect the internal global data line DGIL1 

gate YGE couples a selected column of the memory array to the internal data transmission line 42. 

MA (a internal data line DL) with the external read sense In the y te yGE, one column is selected from each of 

amplifier 15 through the internal data transmission line 40 c^^biod^accQrding^to .the. .column„select_signals 

- according-to-a- column'sele^ to CAL£3 ^ Qne * 
external read column decoder EXCD. The internal operation . , . , . . , nAIiri j^att™ 
Y gate YGI couples a selected column line of the memory ™ t0 * e C t ol ™° ^ ck select S1 ^ h CAV f l ™d CAUEO. 
array MA to the write circuit and internal operation sense l * t Y likewise, one column is elected from each 
amplifier block 25 through the internal data transmission °J™}^ a f ordin S to the coh ™ select signals 
line 42 according to a column select signal supplied from the CALI ° t0 CALI3 and one column block 18 selected accord- 
internal operation column decoder INCD. m S to ne column block select signals CAUI0 and CAUI1. 

The external read address signal AE is supplied to the 25 The column select signals CALIO to CALI3 and the 

external read column decoder EXCD, while the internal column block select signals CAUI0 and CAUI1 are supplied 

operation address signal AI is supplied to the internal from the internal operation column decoder INCD shown in 

operation column decoder INCD. The address signals AE FIG. 12. The external read column decoder EXCD and the 

and AI are both supplied to the row decoder RD. The address internal operation column decoder INCD are activated 

signals supplied to the decoders EXCD, INCD and RD are 30 according to bank specifying signals when an external read 

address signal bits other than the bank address signal bits. operation and an internal operation are performed, respec- 

The row decoder RD selects a word line WL corresponding lively. Therefore, in the configurations shown in FIGS. 12 

to an addressed row according to the address signals AE and and 13 as well, the external read sense amplifier and the 

AI, through a decoding operation when an external read internal operation sense amplifier are coupled to the memory 

operation or an internal operation is performed. Voltage 35 array MA through different paths (the internal transmission 

levels of a selected word line and a column select signal are UQes 40 and 42)) and therefore? while an operation 

controUed according to an operating mode by the internal (afl erase /p r ogramming operation) is performed in one 

con ro circui . memory array (bank), data reading can be performed on 

As shown in FIG. 12, since the Y gates are arranged another bank 

separately at both sides of the memory array MA for an + A . . . j. A . ~ 

external read operation and for an internal operation, there- 40 p *? G - 14Als 1 a c ^uit diagram representing a configuration 

fore a layout pattern different from the first embodiment can °{ «S m «J [ ea ? cohlmn ? ecod / r EXCD sh ° WD in FIG * 

be realized. GeneraUy, a chip shape of a semiconductor 12 In FIG * 14A * the cxtcrnal read column decoder EXCD 

memory device is dependent on a shape of a package in includes: inverters 50a to 50c receiving address signal bits 

which a nonvolatile semiconductor memory device is ( or a predecode signal bits) AE<2>to AE<0>; AND decode 

housed. By altering this layout pattern, a chip shape is 45 circuits 50d and SOe activated when the bank specifying 

adjusted so as to conform to a shape of a housing package. signal EBP_X is activated, and generating the column block 

FIG. 13 is a circuit diagram representing an example of select signals CAUEO and CAUE1, respectively, according 

construction of the Y gate shown in FIG. 12. In FIG. 13, the to a prescribed set of address signal bits; and AND decode 

external read Y gate YGE includes; transfer gates TREO to circuits 50/ to 50/ activated when the bank specifying signal 

TRE3 connecting corresponding internal data lines DL of 50 EBP_X is activated, and generating the column select 

the memory array MA to a global data line GDEL0 when signals CALE0 to CALE3, respectively, according to 

made conductive in response to column select signals address signal bits (or predecode signal bits) AE<1:0> and 

CALE0 to CALE3, respectively; transfer gates TRE4 to /AE<1;0>. 

TRE7 connecting corresponding internal data lines DL of The AND decode circuit Sbd receives an output signal 

the memory array MA to a global data line GDEL1, when 55 /AE<2> of the inverter 50a and the bank specifying signal 

made conductive in response to the column select signals EBP__X to generate the column block select signal CAUEO. 

CALEO to CALE3, respectively; a transfer gate TGE0 The AND decode circuit SOe receives address signal bit (or 

connecting the global data line GDEL0 to the internal data a predecode signal bit, hereinafter simply referred to as an 

transmission line 40 in response to the column group select address signal bit) AE<2> and the bank specifying signal 

signal (a path select signal) CAUEO; and a transfer gate 60 EBP^X to generate the column block select signal CAUE1. 

TGE1 connecting the global data line GDEL1 to the internal The AND decode circuit 50/ receives address signal bits 

data transmission line 40 in response to the column group /AE<1> and /AE<0> from the inverter circuits 50/? and 50c 

select signal CAUE1. and the bank specifying signal EBP_X to generate the 

The column select signals CALEO to CALE3 and the column select signal CALEO. The AND decode circuit 50^ 

column block select signals CAUEO and CAUE1 are sup- 65 receives address signal bits /AE<1> and AE<0> and the 

plied from the external read column decoder EXCD shown bank specifying signal EBP_JC to generate the column 

in FIG. 12. select signal CALE1. 
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The AND decode circuit 50/r receives address signal bits The internal operation column decoder INCD shown in 

AE<1> and /AE<0> and the bank specifying signal EBP_X FIG. 14B as well performs decoding when activated in 

to generate the column select signal CALE2. The AND response to the internal operation bank specifying signal 

decode circuit 50* receives address signal bits AE<1> and IBP_X being at H level or the active state. When the bank 

AE<0> and the bank specifying signal EBP_X to generate 5 specifying signal IBP_X is at L level of the inactive state, 

the column select signal CALE3. the column block select signals CAUI0 and CAUI1, and the 

Level converters 51 performing level conversion of the column select signals CALIO to CALI3 are all at L level of 

select signals CAUEO, CAUE1 and CALEO to CALE3 he inactive state. 

supplied from the AND decode circuits 50a* to 50i are As shown in FIGS. 14A and 14B, when the column 

provided corresponding to the respective AND decode cir- 10 decoders EXCD and INCD are activated by the external read 

cuits 50d to 50t in an output of the external read column bank specifying signal EBP_X and the internal operation 
decoder EXCD . The level converters 51 only _converJs_a__ bank s pecif ying signal IBP_X, respectively,_a_correct_col^_ 

voltage level of a supplied signal to the high voltage VP umn select operation according to an operation to be 

from the operating power supply voltage, and performs no performed, can be ensured. 

conversion of a logical level. The level converter 51 is the ^ It should be appreciated that column predecoders for 

same in configuration as that shown in FIG. 10B, for external reading and for an internal operation are provided 

example, and receives a corresponding select signal as the at the preceding stages of the respective co lumn decoders 

^npurtNnoXe'nerate the butpursiparOUT. EXCD^and lNCD", Indl&Irthcr "Eat the~number of addFesT" 

The external read column decoder EXCD performs signal bits is also set according to the number of column 

decoding when the external read bank specifying signal 20 blocks included in a memory array and the number of 

EBP supplied from the bank pointer goes to H level in columns included in each of column blocks, 

the active state, to drive a column block select signal and a The bank specifying signals EBP_X and IBP_X are 

column select signal to the active states (to the high voltage generated using a bank pointer having a configuration simi- 

VP level) according to the address bits AE<2:0>. When the lar to the bank pointer in the first embodiment described 

external read bank specifying signal EBP_X is at L level at 25 previously. 

the inactive state, the column select signals CALEO to The number of address bits used for the bank specifying 

CALE3 and the column block select signals CAUEO and signals E BP_X and IBP_X generated from the bank 

CAUE1 are all at L level. pointer 3 is also adjusted according to the number of banks 

FIG. 14B is a circuit diagram representing a configuration 3Q included in the nonvolatile semiconductor memory device, 

of the internal operation column decoder INCD shown in FIG. 15 is a block diagram schematically showing the 

FIG. 12. In FIG. 14B, the internal operation column decoder entire configuration of the nonvolatile semiconductor 

INCD includes: inverters 52a to 52c inverting the address memory device according to the second embodiment of the 

bits AI<2:0>, respectively; an AND decode Circuit 52d present invention. In FIG. 15, the banks B#l to B#4 are 

receiving the complementary address signal bit /AI <2> 35 provided. The internal operation gates YGI of the respective 

from the inverter 52a and the bank specifying signal IBP_X banks B#l to B#4 are commonly coupled with the internal 

to generate the column block select signal CAUI0; an AND data transmission line 42. The internal data transmission line 

decode circuit 52e receiving the address signal bit /AI <2> 42 is coupled to the write circuit and internal verify sense 

and the bank specifying signal IBP_X to generate the amplifier block 25. 

column block select signal CAUI1; and 3-input AND decode 4Q 0 n the other hand, the external read Y gates YGE of the 

circuits 52/ to 52* generating the column select signals respective banks B#l to B#4 are coupled with the external 

CALIO to CALI3 according to the address signal bits AI rea d sense amplifier 15 through the internal data transmis- 

<1:0> and /AI<1:0>, and the bank specifying signal IBP_X. sion linc 40 . The internal data transmission lines 42 and 40 

The AND decode circuit 52/ receives the complementary are disposed, on opposing sides of the banks B#l to B#4 

address signal bits /AI<1: 0>from the inverters 52b and 52c, 45 corresponding to the Y gates YGI and YGE provided oppos- 

and the bank specifying signal IBP__X to generate the ingly at both ends of each of the banks B#l to B#4. With 

column select signal CALIO. The AND decode circuit 52g such a configuration, the write circuit and internal verify 

receives the address signal bits /AI<1> and A<0> and the sense amplifier block 25 and the external read sense ampli- 

bank specifying signal IBP_X to generate the column select fier 15 have a higher degree of freedom in placement, and a 

signal CALI1. The AND decode circuit 52h receives the 50 chip layout can be altered so as to conform to a package 

address signal bits AI<1> and /AI<0> and the bank speci- shape. The write circuit and internal verify sense amplifier 

fying signal IBP__X to generate the column select signal block 25 and the external read sense amplifier 15 can be 

CALK. The AND decode circuit 52i receives the address placed at optimal positions according to locations of the 

signal bits AI<1> andAI<0> and the bank specifying signal banks B#l to B#4, thereby improving an areal utilization 

IBP_X to generate the column select signal CALI3. 55 efficiency to enable a layout area to decrease. The other 

In the internal operation column decoder INCD as well, circuits 2 to 4, 6 and 7 are also optimally placed accordingly, 

level converters 53 performing level conversion of the select as are in the configuration shown in. FIG. 1. 

signals are provided corresponding to the respective AND [Modification 1] 

decode circuits 52d to 52i. The level converters 53 each have FIG. 16 is a block diagram representing a configuration of 

a configuration similar to the level converter shown in FIG. <so a modification of a nonvolatile semiconductor memory 

10B and convert voltage levels of the select signals CAUI0, device according to the second embodiment of the present 

CAUI1 and CALIO to CALK supplied from the correspond- invention. In the configuration shown in FIG. 16, the internal 

ing AND decode circuits S2d to S2i from the operating operation Y gates YGI and the external read Y gates YGE are 

power supply voltage to the high voltage VP level With the provided in pairs to the respective- banks B#l to B#4. The 

level converters 53 in use, a high programming voltage can 65 write circuit and internal verify sense amplifier blocks 55a 

be transmitted onto a selected column when programming is to 55d are provided corresponding to the respective banks 

performed. B#l to B#4. The write circuit and internal verify sense 
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amplifier blocks 55a to 55d are coupled commonly to the 
erasure/programming verification circuit 6 through the glo- 
bal internal data transmission line 57. Further, the write 
circuit and internal verify sense amplifier blocks 55a to 55d 
are coupled with the internal operation Y gates YGI of the 5 
corresponding banks B#l to B#4 through the internal data 
transmission lines 54a to 54d. 

The external read Y gates YGE of the banks B# to B#4 are 
coupled commonly with the external read amplifier 15 
through the internal data transmission line 40. 10 

In the configuration shown in FIG. 16, the internal verify 
sense amplifiers are provided corresponding to the respec- 
-tive-banks-B#l-to B#4r However, the~internal vmfjTsense 
amplifiers each have one data transmission line, and two 
internal output circuits for external reading and for verifying 15 
are not required for one sense amplifier unlike a conven- 
tional practice, and therefore an area required for the internal 
vejtfy_s^ns^arnpjifi^^an^ 

conventional practice, thereby enabling a chip area to further 
decrease, as compared with a conventional memory array. 

Further, since the Y gate YGI for internal operation and 
the Y gate YGE for external reading are provided in each of 
the banks B#l to B#4, the write circuit and internal verify 
sense amplifier blocks 55a to 55d can be efficiently placed 
in a chip, thereby enabling a chip area utilization efficiency 
to increase to decrease a chip area. 

The write circuit and internal verify sense amplifier 
blocks 55a to 55d are selectively activated in response to a 
control signal and a control voltage supplied from the 
internal control circuit 7 and a bank specifying signal 
supplied from the bank pointer 3, The other part of the 
configuration is the same as the corresponding part of the 
configuration shown in FIG. 15 and the corresponding parts 
are indicated by the same reference numerals. 

It should be appreciated that in the configuration shown in 
FIG. 16, the write circuit and internal verify sense amplifier 
blocks are provided corresponding to the respective banks 
B#l to B#4. However, such a configuration may be adopted 
that one write circuit and internal verify sense amplifier 
block is allocated commonly to each set of a prescribed 
number of banks. Such a further configuration may be 
adopted that one write circuit is provided commonly to the 
bank B#l to B#4 while the internal verify sense amplifiers 
are provided corresponding to the respective bank B#l to 
B#4. 

As described above, according to the second embodiment 
of the present invention, since the Y gate for internal 
operation and the Y gate for external reading are separately 
provided in a pair in each of the banks B#l to B#4, a layout 
of the internal circuitry can be optimized with ease to 
efficiently place components of the internal circuitry, thereby 
enabling a chip area to decrease through improvement on 
area utilization efficiency. Further, since an improved degree 
of freedom is enjoyed in designing of the layout of the 
internal circuit, a shape of a chip is easily altered according 
to a shape of a package, and alteration in the layout can be 
dealt with ease. 

[Other Configurations] 

While in the first and second embodiments, the number of 60 
banks is 4, there is no specific limitation to this number of 
4, but the other number of banks may be adopted. 

Further, a nonvolatile semiconductor memory device may 
be any of a NOR flash memory, a DINOR flash memory, an 
AND flash memory and a NAND Hash memory, and the 65 
present invention can be applied to any type of nonvolatile 
semiconductor memory devices as far as the devices have 
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the background operation function that while an internal 
operation is operated in one bank, a data is read out from 
another bank. 

Still further, a plurality of banks may be of the same size 
(of storage capacity) and may be of different storage capaci- 
ties as well. 

Yet further, in FIGS. 1, 15 and 16, a bank specifying 
signal from the bank pointer 3 is supplied to the write data 
buffer 4 and the erasure/programming verification circuit 6 
in order to enable the circuits 4 and 6 when the bank 
specifying signal for internal operation is activated. 
However, the circuits 4 and 6 m ay be collectively controlled 

Jbyjhe. internal control circuit 7-regardless of a-selected bankr 
As described above, according to the present invention, 
since the sense amplifier for internal operation and the sense 
amplifier for external data reading are separately provided 
internally, a configuration that the sense amplifiers are 
connected to the banks through diffiereiU p^^s,^nsures_easy 

l F ealiz^fion"of^bt~ohly decrease in occupancy area of the 
sense amplifiers but also an improved degree of freedom in 
layout without any degradation of the background operation 
function, thereby enabling implementation of a nonvolatile 
semiconductor memory device excellent in area utilization 
efficiency. 

Although the present invention has been described and 
illustrated in detail, it is clearly understood that the same is 
by way of illustration and example only and is not to be 
taken by way of limitation, the spirit and scope of the present 
invention being limited by the terms of the appended claims. 

What is claimed is: 

1. A nonvolatile semiconductor memory device compris- 
ing: 

a plurality of memory banks each comprising a plurality 
of nonvolatile memory cells, and memory cell selection 
circuitry for selecting a memory cell in accordance with 
an address signal, the banks performing a memory cell 
selection independently of each other; 

at least one sense amplifier for read operation, provided 
corresponding to a prescribed number of memory 
banks of said plurality of memory banks, for externally 
outputting a data read out from a corresponding 
memory bank through a buffer circuit; and 

at least one sense amplifier for internal operation, pro- 
vided for the plurality of memory banks separately 
from said at least one sense amplifier for read 
operation, for reading out a memory cell data from a 
related memory bank of the memory banks for a 
prescribed internal operation. 

2. The nonvolatile semiconductor memory device accord- 
ing to claim 1, wherein said at least one sense amplifier for 
read operation comprises one sense amplifier circuit pro- 
vided commonly to said plurality of memory banks, 

3. The nonvolatile semiconductor memory device accord- 
ing to claim 1, wherein said at least one sense amplifier for 
internal operadon comprise a plurality of sense amplifier 
circuits provided corresponding to the respective memory 
banks. 

4. The nonvolatile semiconductor memory device accord- 
ing to claim 1, wherein said at least sense amplifier for 
internal operation includes a sense amplifier for internal 
operation provided commonly to said plurality of banks. 

5. The nonvolatile semiconductor memory device accord- 
ing to claim 1, said selection circuitry of each bank includes 
connection circuits each for connecting a corresponding 
sense amplifier for read operation and a corresponding sense 
amplifier for internal operation to a corresponding memory 
bank through different paths. 
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6. A nonvolatile semiconductor memory device compris- 



ing: 



a memory array having a plurality of nonvolatile memory 
cells arranged in a matrix of rows and columns; 

a plurality of bit lines provided corresponding to the 
columns of the memory cells, each for communicating 
data with a selected memory cell on a corresponding 
column in an external data read operation and in an 
internal data read operation; 

an external sense amplifier circuit for reading out a data 
of a selected memory cell of said memory array exter- 



a sense amplifier for internal operation, provided sepa- 
rately from said external sense amplifier circuit, for 
reading out a data of a selected memory cell of said 
memory array for a prescribed internal operation in said 
internal data read operation ; and 



10 
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circuits are provided opposed to each other at both sides of 
said memory array. 

9. The nonvolatile semiconductor memory device accord- 
ing to claim 7, further comprising a write circuit, coupled to 
said second path select circuit, for transmitting a write data 
to a selected memory cell of said memory array. 

10. The nonvolatile semiconductor memory device 
according to claim 6, wherein said select circuit comprises; 

a column select circuit for selecting a column of said 

memory array according to a column select signal; 
a first path select circuit for coupling the column selected 
by said column select circuit to said external sense 

amplifier circuitaceordingtG a-first-path-select-signal; - 

and 

a second path select circuit for coupling the column 
selected by said column select circuit to said sense 
amplifier for internal operation according to a second 
path select signal. 



a select circuit for coupling a bit line provided corre- 
sponding to a selected memory cell of said memory 20 
array to said external sense amplifier circuit and said 
sense amplifier for internal operation through different 
paths provided outside said memory array. 

7. The nonvolatile semiconductor memory device accord- 
ing to claim 6, wherein said select circuit comprises: 

a first column select circuit for selecting a column of said 
memory array according to a first column select signal; 

a second column select circuit for selecting a column of 
said memory array according to a second column select 
signal; 

a first path select circuit for coupling the column selected 
by said first column select circuit with said external 
sense amplifier circuit according to a first path select 
signal; and 

a second path select circuit for coupling the column 
selected by said second column select circuit with said 
sense amplifier for internal operation according to a 
second path select signal. 

8, The nonvolatile semiconductor memory device accord- 
ing to claim 7, wherein the first and second column select 
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11. The nonvolatile semiconductor memory device 
according to claim 10, further comprising a write circuit, 
coupled to said second path select circuit, for transmitting a 
write data to a selected memory cell column of said memory 
array. 

12. Anon-volatile semiconductor memory device capable 
of performing a background operation, comprising: 

a plurality of memory cell arrays, provided individually 
and separately, each including a plurality of memory 
cells; 

a plurality of internal data read routes, provided for each 
memory cell array, extending outside said plurality of 
memory cell array, said plurality of internal data read 
routes being provided per a selected memory cell in 
each memory cell array; and 

a plurality of read out circuits provided corresponding to 
each memory cell array, each for reading out data of the 
selected memory cell in a corresponding memory cell 
array, the plurality of read out circuits for each memory 
cell array being coupled to different routes of said 
plurality of internal data read out routes, respectively. 
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